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The HIM Study among males from Brazil, Mexico and the U.S. ARTÍCULO ORIGINAL M ale HPV infection significantly contributes to infection and subsequent cervical disease in women. [1] [2] [3] [4] Case-control studies of women with cervical cancer and their husbands have demonstrated that men's sexual behavior affects women's risk of cervical neoplasia, even when controlling for female sexual activity. [1] [2] [3] [4] [5] [6] [7] In areas with a high incidence of cervical cancer, men's sexual behavior is in itself a risk factor for cervical neoplasia. 7 More recently we have recognized that HPV contributes to men's burden of diseases such as anal, penile, and oropharyngeal cancers and genital warts. 8 A growing interest in understanding HPV infection in men necessitates the characterization of these infections in terms of type distribution across countries. Unfortunately, there is a paucity of studies that can shed light on male HPV type distribution in any one country or across countries.
Few HPV studies have been conducted among heterosexual men, with only a subset reporting HPV type distribution and age-specific prevalence estimates. 9 No studies to date have included a broad age range of men from multiple countries, which limits our ability to draw conclusions about differences in HPV type distribution among men. For example, observed differences in HPV type distribution in men may be due to differences in tissue tropism for particular HPV types due to anatomic site sampled. Alternatively, they may be due to differences in populations studied, similar to what we understand for cervical HPV. 10 This information is needed to inform future prevention efforts that may influence infection and disease reduction in men and consequently in women. The purpose of the current study was to assess HPV type-distribution among men ages 18 years and older recruited from three different countries utilizing a common protocol for sampling and HPV detection, and to evaluate whether HPV detection differs by age and country.
Materials and methods
Men enrolled from March 2005 to December 2006 in the ongoing HPV in Men (HIM) Study were included in this analysis. Participants were recruited from Sao Paulo, Brazil; Cuernavaca, Mexico; Tampa, Florida; and surrounding areas. To encourage compliance with follow-up, men received compensation or food or transportation reimbursement for their participation. Prior to study initiation, the Human Subjects Committees of the University of South Florida, the CRT-DST/Aids, Brazil, and the National Institute of Public Health of Mexico approved all study procedures. All participants gave written informed consent.
Population. The study population consisted of men who met the following eligibility criteria: a) ages 18-70 years; b) residents of one of three sites -Sao Paulo, Brazil; the state of Morelos, Mexico; or southern Florida, U.S.; c) report no prior diagnosis of penile or anal cancers; d) have never been diagnosed with genital or anal warts; e) currently report no symptoms of a sexually transmitted infection (STI) or treatment for an STI; f) not participating in an HPV vaccine study; g) no history of HIV or AIDS; h) no history of imprisonment, homelessness, or drug treatment during the past six months; and i) willing to comply with ten scheduled visits every six with 12.0% oncogenic types only, 20.7% non-oncogenic types only, 17.8% both oncogenic and non-oncogenic, and 14.7% unclassified infections. Multiple HPV types were detected in 25.7% of study participants. HPV prevalence was higher in Brazil (72.3%) than in the U.S. (61.3%) and Mexico (61.9%). HPV 16 (6.5%), 51 (6.5%), and 59 (5.3%) were the most commonly detected oncogenic infections, and HPV 84 (7.7%), 62 (7.3%), and 6 (6.6%) were the most commonly detected non-oncogenic infections. Overall HPV prevalence was not associated with age. However, significant associations with age were observed when specific categories of oncogenic, non-oncogenic, and unclassified HPV infections were considered. Conclusions. Studies of HPV type distribution among a broad age range of men from multiple countries is needed to fill the information gap internationally with respect to our knowledge of HPV infection in men.
Key words: HPV; males; multicenter study; sexual behavior de tipos oncogénicos, 20.7% de tipos de VPH no oncogénicos, 17.8% de muestras positivas a tipos oncogénicos y no oncogénicos; y finalmente 14.7% de infecciones no clasificadas. Múltiples tipos de VPH fueron detectados en 25.7% de los participantes en el estudio. La prevalencia de VPH fue más alta en Brasil (72.3%), comparada con la observada en EUA (61.3%) y México (61.9%). Los tipos de VPH 16 (6.5%), 51 (6.5%) y 59 (5.3%) fueron los más comúnmente observados con poder oncogénico. El VPH 84 (7.7%), 62 (7.3%) y 6 (6.6%) fueron las infecciones no oncogénicas más comunes. Conclusiones. Son necesarios estudios de la distribución de VPH en un amplio margen de edad entre hombres de múltiples países, para establecer con mayor precisión, el conocimiento de la historia natural de la infección por VPH en hombres. Men were recruited from three different population sources -general population, universities, and organized health care systems (Mexico only)-to increase access to men with a broad range of ages, sexual behaviors, and HPV risk. In Brazil, men were recruited from the general population at a facility for urogenital care (Centro de Referencia e Tratamento de Doencas Sexualmente Transmissiveis e AIDS) and through general media advertising. Men presenting for non-STI related conditions were enrolled in the present study. In addition, the spouses and partners of women participating in a large cohort study of the natural history of HPV infection and risk of cervical neoplasia conducted in Sao Paulo since 1993 were also recruited. At the Cuernavaca, Mexico site, the underlying population was employees and beneficiaries of the Instituto Mexicano de Seguro Social (IMSS), factory employees, and officials of the Mexican army that are permanently assigned to this geographic area. In the U.S., the underlying population was from the University of South Florida and the greater Tampa metropolitan area. Flyers and posters were distributed throughout the campus and community, and we administered monthly educational presentations. In addition, men from the broader Tampa Bay, FL, community were recruited through the mail and media using brochures and flyers as well as advertisements in local and university papers.
Study Protocol
The HIM Study protocol includes a pre-enrollment runin visit, a baseline (enrollment) visit, and nine additional visits after enrollment scheduled six months apart. For this analysis, the first 1 160 men who completed both the run-in and baseline visit were included.
Risk Factor Questionnaire: An extensive sexual history and health questionnaire given at enrollment assessed socio-demographic characteristics, sexual and contraceptive history, condom use practices, alcohol and tobacco use, and history of abnormal Pap smears in female partners. The questionnaire required roughly 20 minutes to complete and was administered using Computer-Assisted Self-Interviewing (CASI). HPV Penile and Scrotal Sampling: To maximize sampling and prevent fraying of applicators, three different prewetted Dacron applicators were utilized to sample the external genitalia of participants, and were later combined to form a single sample for the detection of HPV. This method has been previously shown to maximize HPV detection among men and to result in reproducible genital HPV detection in men. 11, 12 The study clinician at each site first swept 360° around the coronal sulcus and then another 360° around the glans penis and placed this swab into a separate collection vial with STM labeled by anatomic site. A second wet swab was used to sample the entire skin surface of each of the quadrants of the shaft of the penis (left and right ventral, and left and right dorsal) and placed into a vial labeled "shaft." A third Dacron swab moistened with normal saline was utilized for scrotum sampling and stored in 450 µl STM. The Dacron swabs used for each anatomic site were placed in a bar-coded 20-ml Falcon tube and sent to the Moffit Cancer Center for HPV testing. All HPV samples were stored at -70o C until PCR analyses and genotyping were conducted. Prior to DNA extraction, the three samples of normal anogenital skin were combined to produce one DNA extract per participant clinic visit.
HPV Analyses
HPV testing of collected material was conducted using polymerase chain reaction (PCR) for amplification of a fragment of the HPV L1 gene. 13 DNA extraction was performed using the QIAamp DNA Mini Kit (QIAGEN, Valencia, CA) according to the instructions from the manufacturer. Briefly, 200µl aliquots of clinical material were digested with 20µl proteinase K solution for 1hr at 65˚ C, followed by 200µl of lysis buffer.
Specimens were tested for the presence of HPV by amplifying 50µl of the DNA extracts using the Linear Array HPV genotyping test following the instructions from the manufacturer (Roche Diagnostics, Indianapolis, IN). Samples were amplified using Perkin-Elmer GeneAmp PCR System 9700 as directed by the linear array protocol. HPV genotyping was conducted on all samples regardless of HPV PCR result.
14 β−globin was detected in 99.7% of samples tested (1156/1160). Samples that amplified HPV on PCR but did not hybridize with a specific HPV type on genotype were categorized as unclassified infections. As it is unclear whether these are HPV infections or co-amplification of other genes, we report the prevalence of these products separately in tables. The following 13 HPV types were categorized as oncogenic: 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, 59, and 66. 15 The other (non-oncogenic) types detected with the Linear Array methodology of Roche were 6, 11, 26, 40, 42, 44, 53, 54, 61, 62, 64, 67, 68, 69, 70, 71, 72, 73, 81, 82, 83, 84, IS39, and CP6108.
All unclassified samples were characterized by direct sequencing of a fragment of the L1 gene. Amplicons for sequencing were generated by Nested PCR using the PGMY09/11 13 and GP5/6+ primers 16 in a 50µl reaction. In brief, 1 µl of DNA isolated from the biological specimen was used first in the PGMY09/11 reaction; these products were diluted 1/50 prior to use in the GP5/6+ reaction, with standard reagents and reaction conditions, except for the use of a lower concentration of GP5/6+ primers (0.1µM). After visualization of PCR products by gel electrophoresis, 1 µl of the nested-PCR products of about 150 bp were submitted to sequencing using GP6+ primer. Uncoupled dyes were eliminated from samples by ethanol precipitation prior to sequencing on an Applied Biosystems 3130xl Genetic Analyzer apparatus using the "BigDye Terminator v3.1 Sequencing Kit" according to the manufacturer protocols. Sequence identity was determined by comparison with the "BlastN database" of the NCBI, and those with scores greater than "e-15" were conclusively typed.
Statistical Analysis
A participant was considered positive for 'any HPV' if he tested HPV positive by PCR or by genotyping. The category of 'any oncogenic type' included those who were positive for only oncogenic genotypes and those who were positive for both oncogenic and nononcogenic types. Only single or multiple infections with non-oncogenic HPV types were classified as "any non-oncogenic type". Samples testing positive for HPV by PCR but negative for all of the 37 genotypes were labeled "unclassified."
Differences in the distribution of demographic characteristics and HPV prevalence were explored by country and by age, and associations were tested with Pearson's Chi-square test. Participants were given the option of refusing to answer each of the questions on the Web-based survey and these refusals were treated as missing observations. Associations between types of HPV infections and country were evaluated using Pearson's Chi-square test, and the raw p-values were adjusted for multiple comparisons using the step-down Bonferroni approach. 17 Differences in the distribution of HPV type 6, 11, 16, and 18 by country were evaluated using Fisher's exact test.
Results
A total of 1 160 men completing an enrollment visit (362 from Mexico, 382 from Brazil, and 416 from the U.S.) were included in this analysis. Forty-nine percent of participants were ages 18-29 yrs, 41.4% were ages 30-44 yrs, and 9.6% were ages 45-70 yrs (Table I ). The majority of study participants were non-white, with 33.0% reporting mixed race and 41.9% reporting Hispanic ethnicity. Approximately 45% of participants were either married or cohabiting, and 46.9% reported being single or never married. The majority (53.1%) of participants had completed 13 or more years of education. Overall, 8.9% of participants reported never having had sexual intercourse with a female. The majority of men reported 1 to 9 female sexual partners in his lifetime. Circumcision was common in the US (83.2%) and rare in Mexico (14.1%) and Brazil (14.9%). Statistically significant differences were observed in the distribution of all study characteristics evaluated by country. Table II presents HPV prevalence by country for oncogenic, non-oncogenic, unclassified, and multiple infections and compares prevalence across countries. Overall HPV prevalence in the study population was 65.2%. Twelve percent of infections were with oncogenic HPV types only, 20.7% with non-oncogenic HPV types only, 17.8% were mixed oncogenic and non-oncogenic, and 14.7% were with only unclassified HPV infections. Multiple HPV types were detected in 25.7% of study participants. Prevalence of any HPV infection was highest in Brazil (72.3%) and lowest in the U.S. (61.3%) and Mexico (61.9%) (p=0.03). A similar trend in prevalence across countries was observed for oncogenic HPV (p=0.002), non-oncogenic HPV (p<0.0001), and multiple HPV infections (p<0.0001). Unclassified infections were highest in the US (20.0%), with lower prevalence observed in Mexico (13.5%) and Brazil (10.0%) (p=0.002).
Across the three international populations, HPV 16 (6.5%) and 51 (6.5%) were the most commonly detected oncogenic infections, followed by HPV types 59 (5.3%), 66 (5.0%), 39 (3.6%), and 52 (3.5%) (Table III) . Among the non-oncogenic infections, HPV type 84 was most commonly detected (7.7%), followed by HPV types 62 (7.3%), 6 (6.6%), and CP6108 (5.7%). HPV type distribution varied across countries. For example, in Brazil and the U.S., HPV 16 was the most common oncogenic infection detected, whereas in Mexico HPV 59 was the most common type. Among the non-oncogenic infections, HPV 62 was the most commonly detected in Brazil, and HPV 84 was the most commonly detected type in Mexico and the U.S. Prevalence of the current prophylactic HPV vaccine types were: 5.5%-7.1% for HPV 16, 0.5%-3.1% for HPV 18, 4.1%-9.4% for HPV 6, and 0.0%-2.9% for HPV 11. Significant differences in the prevalence of HPV types 6, 11, and 18 were observed by country, with Brazil having the highest prevalence of these infections (all p<0.01).
Results from sequencing "unclassified infection" specimens demonstrated that most unclassified infections probably represent spurious PCR products. We were able to re-amplify, with a nested PCR protocol aiming a smaller PCR fragment (150bp), only 60 of the 204 specimens and were able to generate readable sequences salud pública de méxico / vol. 50, no. 5, septiembre-octubre de 2008 (table IV) . Similarly, there was no clear association with age when unclassified HPV infections were eliminated from the analysis. However, when men ages 18-19 years old were compared to all other age groups, prevalence estimates were significantly lower among the younger men (27.9% vs. 50.4%, data not shown). When HPV infections were grouped by oncogenic potential and examined by age, across the three countries, we observed a significant association between age and oncogenic HPV infections (figure 1). Oncogenic infections increased with age between 18 and 34 years (peak prevalence of 40.8% at ages 30-34 years) and decreased with age from age 35 to 70 years (p=0.001). Non-oncogenic infections significantly increased with age with a low prevalence of 9.8% among 18-19 year olds and a peak prevalence of 27.9% among men ages 45-70 years (p=0.002). Unclassified infections significantly decreased with age (p=0.001).
Grupo de estudio de VPH en hombres de Brasil-Estados Unidos-México

Discussion
In this manuscript we present HPV type distribution by country and associations with HPV infections and age. A common protocol was utilized in clinics in the US, Mexico, and Brazil, allowing for direct comparisons of HPV prevalence. This is the first international comparison of HPV type distribution across 37 genotypes in a general population of men. Among men enrolled in the HIM Study, overall HPV prevalence based on genotyping was 50.5%, with 62.3% in Brazil, 48.4% in Mexico, and 41.3% in the US. Approximately 15% of men were positive for unclassified HPV types, defined as samples positive by PCR but negative based on genotyping by hybridization against 37 individual HPV types. These genotype prevalence estimates are higher than previously reported in men. 9 This may be a result of more complete genital sampling in men than previously conducted and application of more sensitive HPV detection methodology with genotyping of 37 different HPV types. 18 Due to these differences, as well as inconsistencies in the HPV types considered oncogenic (13 or more HPV types) in previous publications, it is difficult to make direct comparisons of HPV prevalence across studies. This problem is accentuated when examining infection with any HPV and grouped infections such as oncogenic or non-oncogenic HPV prevalence.
Prophylactic HPV vaccine types 6 and 11 (nononcogenic types) and 16 and 18 (oncogenic types) were detected in 14.7% of participants; HPV 6 was detected in 6.6%, HPV 11 in 1.5%, HPV 16 in 6.5%, and HPV 18 in 1.7% of HIM Study participants. Significant differences in the prevalence of vaccine related HPV infections were observed by country for HPV types 6, 11, and 18, although there was no significant difference in the prevalence of HPV 16. This trend mirrored the observed overall HPV prevalence differences by country: Brazil had the highest prevalence overall as well as for individual vaccine related HPV types. To our knowledge, only two prior studies examined HPV prevalence among men in Brazil. One study was a small cross-sectional study, 19 and in the other all men were husbands of wives enrolled in a cervical cancer case-control study. 20 Among husbands of controls, HPV prevalence was approximately 40% and approximately 16% were HPV 16 positive. The overall HPV prevalence estimates in that study were lower than the Brazil arm of the HIM Study (72.3%), although the HPV 16 prevalence detected was higher than the Brazil cohort (7.1%).
Three previous studies estimated HPV prevalence among men residing in Mexico. Excluding unclassified infections, prevalence estimates were 44.6% 21 and 42.7% 22 in each of the first two studies and were similar to those observed in the Mexican arm of the HIM Study. In the third study, conducted among men attending vasectomy clinics nationally, the prevalence estimate was considerably lower, at 8.7%. 23 Prevalence of any oncogenic HPV infection (14 HPV types) in the cross-sectional study of students and factory workers was 19.8%, a value lower than the 30.4% observed in the current study. 22 Prevalence of type-specific infection was not reported in this study. Interestingly, among Mexican military men enrolled in a prospective study, 21 prevalence of any oncogenic infection at baseline was 34.8% (16 HPV types). Prevalence of HPV types 6, 11, 16, and 18 was 4.3%, 3.4%, 6.0%, and 3.7%, respectively, values similar to those observed among Mexican men in the HIM Study.
Four HPV studies among U.S. men have been published to date, with a reported range in HPV prevalence of 28.2% (where limited sampling and genotyping was conducted) to 42-45.5%. 18, [24] [25] [26] The latter U.S. studies included men residing in Hawaii, 24 Seattle, 25 and Arizona 18 and utilized sampling and genotyping methods similar to those reported in the current study. Among community men residing in Arizona and Florida who were sampled at both external genital sites and anal canal, HPV prevalence was 51.2% and another 14.3% were infected with unclassified infections. 18 Prevalence of HPV types 6, 11, 16, and 18 was 4.8%, 0.4%, 11.4%, 1.9%. In a small cross-sectional study conducted in Hawaii, approximately 2.5%, 1.5%, 6.5%, and 3.0% were positive for HPV types 6, 11, 16, and 18, respectively, values similar to those reported in the HIM Study. 24 Collectively it appears that HPV infection in men is common and consistently high among men in different regions of the U.S. and the Americas. HPV type distribution appears to vary by population included within countries as well across countries.
A relatively high proportion of unclassified infections was observed (10-20%) in the HIM Study cohort, similar to other reports. 18, 22, 27, 28 With the Linear Array HPV genotyping test used in this study it was possible to detect 37 HPV types. However, due to the large number of HPV types that infect human epithelium, this assay is unable to characterize a portion (14.7% in this study) of the infections detected on PCR. We recently reported a similar prevalence of unclassified HPV infections detected in the external genital epithelium of U.S. men. 18 Likewise, among studies that have tested for at least 20 HPV types in male genital skin, the range of unclassified HPV types reported is between 1.8-11.6%. 6, 22, [26] [27] [28] The significance of the unclassified infections is not known. This may represent infection with HPV types other than the 37 that are included in the linear array assay of Roche, salud pública de méxico / vol. 50, no. 5, septiembre-octubre de 2008
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or this may represent non-specific amplification of gene sequences that are not HPV related. As HPV type distribution appears to differ in men compared to women, it is important to characterize the HPV types that comprise this "unclassified" group. Results from direct sequencing of the gene products of PCR of the specimens included in this study indicate the presence of HPV types 2, 3, 12, 17, 22, 23, 74, 87, 91, and 107, types not currently included in the linear array assay. Bleeker and colleagues, 27 sequenced "unclassified" specimens and found six additional HPV types (HPV types 3, 10, 32, 34, 86, and jc9710) that are not included in the linear array assay, accounting for between 0.8 and 3.8% of the HPV positive results. Studies of anal HPV infection among men who have sex with men have also reported the presence of HPV types that are not included in the linear array genotyping detection system utilized in the current study. These types include HPV 2, 13, 34, and 57, 29 and Pap 155, Pap 291, and AE2. 30 Understanding the significance of these HPV types requires additional study.
Overall, the prevalence of any HPV among men enrolled in the HIM Study was not associated with age. However, differing patterns of age association were observed depending on the category of HPV infection assessed. For example, a linear increase in non-oncogenic infections with age was observed, a bi-modal distribution with age was observed for oncogenic infections such that the younger and older males had the lowest prevalence of HPV. In contrast to these two patterns, a significant linear decrease in unclassified infections was observed with age. Among men participating in a small cross-sectional study in Mexico HPV prevalence was lower in the youngest age group (<20 years); however, these differences did not reach statistical significance. 22 In contrast to this, risk of HPV acquisition appeared to be higher in the younger age group in a small prospective study conducted in Mexico. 21 Among studies conducted in the U.S., no association with age was observed. 18, 26 In a cross-sectional study conducted in Denmark an inverse association with age was observed. 31 These data illustrate the complexity of HPV infection in men and highlight the need for prospective data that can distinguish differences in incidence and duration of infection by age in men.
As with any study there are limitations that influence the interpretation of results. By recruiting men from a variety of sources in the community we have attempted to enroll a representative population of men for study. However, as with any study, men who are interested and committed actually enrolled to the study, reducing the generalizability of the study findings. In addition, recruitment of study participants occurs in only one metropolitan area per country. Therefore, results do not represent the country as a whole. Study entry criteria that excluded men with active STIs were intended to decrease the likelihood of overestimating HPV prevalence. However, men who are interested in study participation may have had a sexual partner with HPV related lesions thereby increasing their interest and likelihood of participation in the study. This may have increased observed HPV prevalence.
In conclusion, a high prevalence of HPV infections in men across the three countries evaluated, Brazil, Mexico, and the U.S. was observed. Differences in overall HPV prevalence and type specific prevalence between countries were observed. The relationship between age and HPV prevalence in men enrolled in the HIM Study varies by type of infection examined. Studies of HPV type distribution in other regions of the world, utilizing rigorous methods of sampling and sample analyses, are needed to further clarify HPV type distribution and age differences among men.
